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The purpose of the present study was to evaluate the perioperative changes in bladder wall 
thickness and detrusor wall thickness after transurethral prostatectomy.   
Methods: 
Fifty-one men who were treated for benign prostatic hyperplasia/lower urinary tract symptoms 
with transurethral prostatectomy were prospectively analyzed from May 2012 to July 2013. 
Prostate size, detrusor wall thickness, and bladder wall thickness were assessed by transrectal 
and transabdominal ultrasonography perioperatively. All postoperative evaluations were 
performed 1 month after the surgery. 
Results: 
The mean age was 69.0 years, the mean prostate-specific antigen was 8.1 ng/mL, and the mean 
prostate volume was 63.2 mL. The mean bladder wall thickness was 5.1(±1.6,SD) mm, 5.1(±
1.6,SD) mm, and 5.0(±1.4,SD) mm preoperatively and 4.5(±1.5,SD) mm, 4.5(±1.3,SD) mm, 
and 4.6(±1.2,SD) mm postoperatively (anterior wall, dome, and trigone, respectively; p = 
0.178, 0.086, and 0.339, respectively). The mean detrusor wall thickness was 0.9(±0.4,SD) mm 
preoperatively and 0.7(±0.3,SD) mm postoperatively (p = 0.001). A subgroup analysis 
stratifying patients into a large prostate group (weight, ≥45 g) and a high Abrams-Griffiths 
number group (>30) showed a significant decrease in detrusor wall thickness (p = 0.002, p = 
0.018). 
Conclusions: 
There was a decrease in detrusor wall thickness after transurethral prostatectomy. The large 
prostate group and the high Abrams-Griffiths number group showed a significant decrease in 
detrusor wall thickness after surgery. 
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Benign prostatic hyperplasia (BPH) and lower urinary tract symptoms (LUTS) have become 
very common among middle-aged men in Korea. The overall prevalence of BPH/LUTS is 
approximately 40% among men aged >65 years [1]. However, the relationship between benign 
prostatic enlargement, LUTS, and bladder outlet obstruction (BOO) is unknown. Therefore, 
there has been much effort to understand this conundrum in the last decade. The gold standard 
diagnostic tool for BOO traditionally has been the pressure-flow study (PFS), but it is an 
invasive, expensive, and time-consuming procedure [2]. Moreover, the increasing number of 
PFSs is not clinically favorable [3]. 
Bladder wall thickness (BWT) and detrusor wall thickness (DWT) assessments have been 
shown to be promising substitutes for PFSs to diagnose BOO [4-8]. They are noninvasive, easy 
to perform, and less time-consuming than PFSs. Another strong point is that it can be performed 
in combination with transrectal prostate ultrasonography. There are already commercially 
available instruments that can measure BWT and automatically estimate bladder weight using 
transabdominal ultrasonography [9].  
Studies have shown that the relief of obstruction by surgery reduces secondary bladder 
hypertrophy caused by BOO [10,11]. However, the change in BWT and DWT after surgery for 
BPH is poorly investigated thus far. Accordingly, the present study aimed to evaluate the 
perioperative changes in these parameters and to investigate whether a change in these 




Materials and Methods  
Between May 2012 and July 2013, 56 patients were surgically treated for LUTS/BPH. Patients 
with a history of neurologic disease, urologic surgery, urinary stones, or urethral stricture, any 
malignancy in pelvic cavity were excluded. One patient who had prostate cancer after the 
surgery was excluded from the study. Thus, a total of 51 men were analyzed for this study. This 
study was designed as a prospective observation study. Data were collected during the 
preoperative assessment and postoperative follow-up examination. Preoperative workup 
includes trans-rectal prostate ultrasonography, free uroflowmetry, and the International Prostate 
Symptom Score (IPSS). BWT and DWT were simultaneously assessed with transrectal 
ultrasonography (7.5 MHz, SA-8000, Medison, Seoul, Korea).  
The surgery was performed by 2 experienced urologists. All patients were treated by 
transurethral prostatectomy. At the postoperative follow-up examination 1 month after the 
surgery, transabdominal and transrectal ultrasounds were performed. DWT was assessed after 
uroflowmetry in the suprapubic area (Figure 1). BWT was checked at 3 locations (i.e., the 
anterior wall, dome, and trigone) using transrectal prostate sonography after uroflowmetry. All 
these sonographic examinations were performed by a single experienced radiologist during the 
postmicturition state after uroflowmetry [12]. 
 




Subgroup analysis was performed by stratifying patients according to prostate size, response 
after surgery, and the Abrams-Griffiths (AG) number. The response after surgery was 
determined to be good when the change in IPSS was >4. The paired samples t-test and 
Wilcoxon signed-rank test were used to analyze the differences after the surgery. A p value 
0.05 was considered significant. All stat istical analyses were performed using commercially 






















The baseline characteristics are presented in Table 1. The mean prostatic volume was 63.2 mL. 
The mean preoperative and postoperative IPSS was 24.5 and 18.5, respectively.  
Variable  Mean value ± SD (range) 
No. of patients 51 
Age (years) 69.0 ± 7.6 (49–83) 
BMI (kg/m2) 16.4 ± 3.8 (9.2–24.5) 
PSA (ng/dL) 7.4 ± 9.3 (0.1–41.4) 
Preoperative IPSS 24.6 ± 10.2 (3–41) 
Preoperative Qmax (mL/s) 7.7 ± 4.3 (1.3–19.0) 





5.1 ± 1.6 (2.5–10.8) 
5.1 ± 1.6 (2.6–10.8) 
5.0 ± 1.4 (2.6–9.6 ) 
Preoperative DWT (mm) 0.9 ± 4.0 (0.3–2.1) 
 
TABLE 1. Patient demographics 
 
The change in the parameters after the surgery is shown in Table 2. IPSS and DWT significantly 
decreased after the surgery, but no significant change in DWT and the maximal urinary flow 
rate (Qmax) was noted. 
Variables (mean) Preoperative  Postoperative 
IPSS 24.6 ± 10.2 18.5 ± 10.4 p = 0.003 






5.1 ± 1.6 
5.1 ± 1.6 
5.0 ± 1.4 
 
4.5 ± 1.5  
4.5 ± 1.3 
4.6 ± 1.2 
 
p = 0.178 
p = 0.086 
p = 0.339 
Qmax (mL/s) 7.7 9.4 p = 0.085 
 





A subgroup analysis was performed by stratifying patients according to prostate size, response 
after surgery, and the AG number from their preoperative PFS (Table 3). DWT significantly 
decreased after surgery in the high AG number group (≥30). The subgroup analysis of prostate 
size revealed that there was a significant decrease in DWT in the large prostate group (≥45g). In 
the small prostate group, the decrease in BWT was significant. Good responders after surgery 
showed significant Qmax improvement compared with that of the nonresponder group, whereas 
both BWT and DWT decreased in the nonresponder group.  
Variables 
Prostate size ≥ 45 (n = 31) (mean) Prostate size < 45 (n = 20) (mean) 
Preoperative Postoperative  Preoperative Postoperative  






5.42 ± 1.70 
5.40 ± 1.71 
5.27 ± 1.45 
 
4.92 ± 1.62 
4.92 ± 1.53 
4.96 ± 1.36 
 
p = 0.194 
p = 0.262 
p = 0.345 
 
4.74 ± 1.36 
4.76 ± 1.42 
4.66 ± 1.15 
 
3.97 ± 0.93 
3.94 ± 0.69 
4.11 ± 0.70 
 
p = 0.011 
p = 0.014 
p = 0.036 
Qmax (mL/s) 7.67 ± 4.54 9.82 ± 7.47 p = 0.245 7.80 ± 3.91 8.87 ± 5.37 p = 0.575 
Variables 
Change of IPSS ≥ 4 (n = 24) Change of IPSS < 4 (n = 20) 
Preoperative Postoperative  Preoperative Postoperative  






4.88 ± 1.31 
4.88 ± 1.42 
4.84 ± 1.29 
 
4.56 ± 1.46 
4.57 ± 1.34 
4.60 ± 1.20 
 
p = 0.203 
p = 0.287 
p = 0.335 
 
5.23 ± 1.50 
5.26 ± 1.42 
5.13 ± 1.13 
 
4.13 ± 0.96 
4.09 ± 0.79 
4.31 ± 0.76 
 
p = 0.006 
p = 0.002 
p = 0.009 
Qmax (mL/s) 7.24 ± 3.93 12.35 ± 7.64 p = 0.002 9.05 ± 4.36 8.26 ± 3.71 p = 0.438 
Variables 
AG number ≥ 30 (n = 18) AG number < 30 (n = 18) 
Preoperative Postoperative  Preoperative Postoperative  






4.92 ± 1.66 
5.04 ± 1.26 
4.94 ± 1.09 
 
4.72 ± 1.66 
4.61 ± 1.58 






5.52 ± 2.15 
5.35 ± 2.16 
5.16 ± 1.76 
 
4.64 ± 1.29 
4.61 ± 1.23 
4.66 ± 0.96 
 
p = 0.177 
p = 0.286 
p = 0.355 
Qmax (mL/s) 8.84 ± 3.45 12.74 ± 7.85 p=0.122 8.51 ± 4.60 7.12 ± 4.21 p = 0.286 
 






In the last decade, a number of studies have shown the effectiveness of various diagnostic 
parameters such as BWT and DWT, but there are still several limitations associated with their 
clinical use as diagnostic tools because normative data, a standardized procedure, and unified 
bladder filling are still lacking. Nevertheless, many studies have found a relevant relationship 
between BOO and these parameters [3,5-8,12]. 
Vincenzo et al described “bladder wall hypertrophy as first line anatomic change after BOO” in 
their review [14]. Oelke et al assessed DWT in patients with BOO and found a positive 
correlation between the degree of BOO and DWT [5]. DWT was 1.33, 1.62, 2.4, and >3 mm in 
the unobstructed, equivocal, obstructed, and severely obstructed groups, respectively. Oelke et 
al also reported DWT to be a sensitive parameter to predict BOO compared with other 
parameters such as Qmax and postvoid residual urine (PVR) [7]. DWT 2 mm showed a high 
positive predictive value of 94%. Kessler et al assessed 102 patients with LUTS and found that 
DWT was significantly higher in the obstructed group than in the unobstructed and equivocal 
groups [6]. DWT >2.9 mm showed a strong predictive value of BOO (positive predictive value 
= 100%, specificity = 100%, and sensitivity = 43%).  
 Several studies showed that bladder hypertrophy was reversible after the resolution of BOO. 
Nielsen et al reported a 6-fold increase in bladder weight, a 3-fold increase in the muscle cell 
number, an 8-fold increase in collagen content after the creation of BOO, and a partial reversal 
after recovery in an animal study [15]. Kojima et al analyzed the estimated bladder weight 
before and after surgical treatment of BPH (open prostatectomy and transurethral 
prostatectomy), and bladder hypertrophy was markedly reduced after the surgery. The mean 
estimated bladder weight was 52.9 g preoperatively and 31.6 g after 3 months, and that of the 
control group was 26.5 g [16-18]. 
Based on previous studies, the present study showed that DWT decreased after surgery for BPH 
(p = 0.001). In addition, the change in DWT after surgery was associated with the preoperative 
prostate size and AG number (Table 3). In a subgroup analysis of the AG number, both groups 
showed a decrease in BWT and DWT, but the decrease in DWT was significant only in the high 
AG number group. DWT is related to smooth muscle hypertrophy, which can result from BOO. 
This finding suggests that DWT can be a more sensitive indicator of BOO than BWT. This 
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result corroborates findings from other studies that showed a decrease in bladder weight after 
resolving BOO [10].  
There was a significant decrease in BWT and DWT in the nonresponder group (change of IPSS 
< 4). Although IPSS is a good representative of subjective symptoms of patients, it is difficult to 
establish a direct relationship between IPSS and BOO. Changes in BWT and DWT are 
considered associated with resolving BOO and not with symptoms. Therefore, the significant 
changes in BWT and DWT in the nonresponder group could have resulted from unconformity 
between subjective symptoms and structural alteration or the small number of samples. 
However, compared with that measured in other studies, the DWT measured in the present study 
is relatively small. The mean DWT was 0.944, ranging from 0.901 to 1.37 even in the high AG 
number group. Unavoidable measurement error and personal error are known issues when 
measuring DWT. Considering that the approximate range of DWT is 1–2 mm, the impact of 
these errors can be more profound. Moreover, DWT is not uniform; it can vary depending on the 
site examiners choose to measure. To reduce these errors, ultrasonographic examination in the 
present study was performed by a single radiologist in a consistent manner. The discrepancy 
between the present study and previous studies might stem from racial differences; more 
research is needed in the future to bridge this gap. 
The present study has several limitations. First, the study sample size is relative small, which 
might affect the robustness of our results. A follow-up study with a larger sample size and 
longer follow-up period are needed to confirm our outcomes. Second, bladder filling rate was 
not controlled in the present study. To avoid unnecessary invasive procedures, we assessed 
BWT and DWT during the post-micturition state. The bladder filling rate affects BWT and 
DWT and, thus, might have affected the results of the present study. To control this factor, an 
invasive procedure such as catheterization is needed. However, it is contradictory that 
measuring DWT, a noninvasive predictor of BOO, needs catheterization. Moreover, using a 
catheter to control the bladder filling rate is impractical for clinical use. 
Finally, there is a possibility of bias because of the differences in PVR between the high and low 
AG number groups. The mean PVR was 75.2 mL and 31.1 mL for the high and low AG number 
groups, respectively. Considering the negative correlation between DWT and the bladder filling 
rate, DWT could have been underestimated in the high AG number group because of the high 
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PVR. Because the underestimation of DWT leads to underestimation of the change in DWT in 




DWT significantly decreased after transurethral resection of BPH, and patients in the large 
prostate and high AG number group showed a significant decrease in DWT after surgery in this 























1. Hyoung Keun Park, Hongzoo Park, Sung Yong Cho. The Prevalence of Benign Prostatic 
Hyperplasia in Elderly Men in Korea: A Community-Based. KJU 2009;50:843-847 
2. Victor W Nitti. Pressure Flow Urodynamic Studies: The Gold Standard for Diagnosing 
Bladder Outlet Obstruction. Rev Urol 2005;7:14-21 
3. Klingler HC, S. Madersbacher, B. Djavan. Morbidity of the evaluation of the lower urinary 
tract with transurethral multichannel pressureflow studies. J Urol 1998;159: 191-194 
4. Manieri C, Carter SS, Romano G. The diagnosis of bladder outlet obstruction in men by 
ultrasound measurement of bladder wall thickness. J Urol 1998;159:761-765 
5. Oelke M, Hofner K, Wiese B. Increase in detrusor wall thickness indicates bladder outlet 
obstruction (BOO) in men. World J Urol 2002; 19:443-451 
6. Kessler TM, Gerber R, Burkhard FC. Ultrasound assessment of detrusor thickness in men can 
it predict bladder outlet obstruction and replace pressure flow study? J Urol 2006;175:2170-
2173 
7. Oelke M, Hofner K, Jonas U. Diagnostic accuracy of noninvasive tests to evaluate bladder 
outlet obstruction in men: detrusor wall thickness, uroflowmetry, postvoid residual urine, and 
prostate volume. Eur Urol 2007;52:827-835 
8. Isikay L, Turgay Akgul K, Nuhoglu B. Lower urinary tract symptoms, prostate volume, 
uroflowmetry, residual urine volume and bladder wall thickness in Turkish men: a comparative 
analysis. Int Urol Nephrol 2007;39:1131-1135 
9. Chalana V, Dudycha S, Yuk JT. Automatic measurement of ultrasound-estimated bladder 
weight (UEBW) from three-dimensional ultrasound. Rev Urol 2005;7:22-28 
10. M Kojima, E Inui, A Ochiai. Reversible Change of Bladder Hypertrophy Due to Benign 
Prostatic Hyperplasia After Surgical Relief of Obstruction. J Urol 1997;158:89–93 
11. Levin RM, Haugaard N, O’Connor L. Obstructive response of human bladder to BPH vs. 




12. E Bright, M Oelke, A Tubaro. Ultrasound Estimated Bladder Weight and Measurement of 
Bladder Wall Thickness—Useful Noninvasive Methods for Assessing the Lower Urinary Tract? 
J Urol 2010;184:1847-1854 
13. Oelke M, Hofner K, Jonas U. Ultrasound measurement of detrusor wall thickness in healthy 
adults. Neurourol Urodyn 2006;25:308–317 
14. V Mirone, C Imbimbo, N Longo. The Detrusor Muscle: An Innocent Victim of Bladder 
Outlet Obstruction. Eur Urol 2007;51:57-66 
15. KK Nielsen, CB Andersen, LK Petersen. Morphological, stereological, and biochemical 
analysis of the mini-pig urinary bladder after chronic outflow obstruction and after recovery 
from obstruction. Neurourol Urodyn 1995;14:269-284 
16. M Kojima, E Inui, A Ochiai, Y Naya. Ultrasonic estimation of bladder weight as a measure 
of bladder hypertrophy in men with infravesical obstruction: a preliminary report. Urology 
1996;47:942-947 
17. Ochiai A and Kojima M. Correlation of ultrasound-estimated bladder weight with ultrasound 
appearance of the prostate and postvoid residual urine in men with lower urinary tract 
symptoms. Urology 1998;51:722 
18. F Housami, M Drake, P Abrams. The use of ultrasound-estimated bladder weight in 
diagnosing bladder outlet obstruction and detrusor overactivity in men with lower urinary tract 
symptoms. IJ Urol 2009;25:105-109 
 
 12
     
 
: 
경요도 립   이후에 생하는 벽  뇨근  변 를 하여 하부
요   후  구조  변  양상에 하여 이해하고자 하 다. 
법: 
2012  5월에 부  2013  7월에 걸쳐 하부요  증상  경요도 립   
시행  51명  자를 상  향  분 하 다. 립  크 , 뇨근  
께, 벽  께를 경직장, 경복부 를 이용하여     후 1개
월에 하 다.  
결과: 
자  평균 나이는 69 , 평균 립  특이 항원  농도는 8.1ng/ml, 평균 립  
크 는 63.2ml  었 며, 벽, 천장, 삼각부에  한  께는  
 5.1(±1.6,SD)mm, 5.1(±1.6,SD)mm, 5.0(±1.4,SD)mm  었고,  후 4.5(±
1.5,SD)mm, 4.5(±1.3,SD)mm, 4.6(±1.2,SD)mm  었다. 뇨근  께는 
 0.9(±0.4,SD)mm,  후 0.7(±0.3,SD)  었다. 립  크   Abrams- 
Griffiths number group  나 어 하 집단  분 해보았  , 립  크 가 45g인 
집단과, 30이상  Abrams- Griffiths number집단에   후  한 뇨근  
께 변 를 보여주었다.  
결 : 
경요도 립  후에 뇨근  께에 한 감소를 견할  있었 며, 립  
크 가 큰 집단과 Abrams- Griffiths number 가 30 이상인 집단에   후에 
뇨근  변 에 한 변 를 견할  있었다. 
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